through the window (more than 90% gets through), but after being absorbed by the seats and upholstery, this energy is re-released as heat, which the windows reflect back into the interior. Hence, the heat can enter but cannot escape and the car will get warmer. Earth has its own greenhouse -an atmosphere, a blanket of air that traps heat through a process known as the "greenhouse effect. " The greenhouse effect is a good thing -without an atmosphere the earth would be about 33°C (60°F) colder and most of the water on the planet would be ice! The gases that heat the earth are known as greenhouse gases, the most well known of which is carbon dioxide (chemically written as CO 2 ).
However, too much of CO 2 in our air can be a bad thing. Humans are responsible for producing large amounts of CO 2 . Every day we use fossil fuels (such as coal, oil, or natural gas, which we find deep underground in solid, liquid, or gas forms) in our cars or power plants, or we cut down forests. All these activities combined have caused the amount of CO 2 in our atmosphere to increase to levels not seen on earth in 55 million years. This increase in greenhouse gases heats the earth. The increase in temperature causes climate change, which is a change in average worldwide or regional weather patterns. Scientists project that climate change will cause a rise in sea level, more intense heat waves, extreme weather, species extinction, and other negative impacts on our world.
Luckily, there are several steps that we can take to reduce the impacts of future climate change. Scientists generally divide these helpful actions (known as "climate change mitigation") into three categories: reducing CO 2 and other harmful greenhouse gas emissions (the release of these gases into the atmosphere), reducing the amount of sunlight that reaches the earth's surface, or removing CO 2 from the atmosphere. Each of these actions has different costs, benefits, and risks. It is important for governments and policymakers to understand how large of a part each of these solutions can play in society's response to climate change.
Let us focus on carbon dioxide removal (CDR) from the atmosphere. How much CO 2 removal might we need to do in order to fight climate change? One estimate comes from the Intergovernmental Panel on Climate Change (IPCC), a group of scientists from around the world working together to answer these questions. The IPCC report contained a strict plan for limiting temperature increases so that climate change could be slowed. This IPCC plan includes both ways to decrease our CO 2 output, as well as ways to remove carbon from the atmosphere using CDR technologies. In fact, this plan requires CDR technologies to remove an amount of CO 2 equal to 25% of the amount produced worldwide, by the year 2100. The rest of the CO 2 reductions would have to come from other actions, including new energy sources that do not produce CO 2 , such as wind and solar power. Figure 1 shows what CO 2 emissions might look in the future if we act to reduce climate change ("climate change mitigation") or if we choose not to reduce emissions ("business as usual"). There are several ways to perform CDR. Each of these ways has different costs and would remove a different amount of CO 2 from the atmosphere. One idea is called direct air capture of CO 2 , an expensive procedure that "scrubs, " or removes, carbon dioxide directly from the air we breathe. Other ways of removing CO 2 from the atmosphere include storing more carbon in trees, soils, or the ocean. One new technology for removing CO 2 is known as bioenergy with carbon capture and sequestration (BECCS). BECCS removes CO 2 from the atmosphere while producing valuable energy products, such as electricity or fuels. What is more, BECCS can also replace dirtier forms of energy production from fossil fuels. Because of these characteristics, scientists believe that BECCS could play a large role in reducing future climate change.
How does BECCS work, and why does it remove carbon dioxide from the atmosphere? Let us look at how this new technology removes harmful greenhouse gases from the air using energy from plants.
Humans have been producing energy from biomass -material derived from living things, such as plants, grasses, or trees -for their entire existence. We call this energy from biomass bioenergy. For example, early humans produced heat from plants using fire, just like you do when you build a campfire. Today, we use biomass to produce heat, electricity, or transportation fuels around the world. Biomass can be a carbon-neutral energy source, which means that it does not increase the amount of CO 2 in the atmosphere. This is because the CO 2 released when producing energy is the same as the CO 2 taken from the air to grow the biomass (Figure 2A ). This CO 2 is taken from the air during plant growth. However, biomass is only carbon-neutral if grown sustainably -that is, if the biomass regrows after it is harvested and does not cause emissions from land (such as cutting down forests). Like wind and solar energy, bioenergy can be an important way to reduce the amount of CO 2 created when we produce energy. 
Carbonneutral energy
energy that does not produce any CO 2 emissions during its production or consumption.
Figure 1
The world's carbon dioxide emissions for "Business as Usual" and "Climate Change Mitigation" scenarios. The figure shows how CO 2 emissions (in PgC/ year, an amount of CO 2 emitted every year) evolve in the future. In the "Business as Usual" scenario, we assume that the world continues to use fossil fuels the same way as we have done in the past, whereas in a "Climate Change Mitigation" scenario, we assume that governments take actions to reduce CO 2 emissions. Adapted from IPCC [1] . Carbon capture and sequestration (CCS) is a CO 2 management technique that captures CO 2 from a source (such as a power plant), transports it to a storage site, and stores (sequesters) it underground [2] . As a result, CO 2 emissions that would normally enter the atmosphere are instead sequestered underground for centuries or longer. By preventing CO 2 from entering the atmosphere, CCS reduces future climate change. Most scientists imagine using CCS in existing or future power plants that burn fossil fuels (such as coal, oil, and natural gas), to reduce CO 2 emissions from these plants by as much as 90%. Although scientists and engineers have built the technology necessary for CCS, there are still not many power plants using this technology. In the future, we will need CCS in our electricity system, which makes electricity and delivers it to our homes. The electricity system is responsible for a large amount of the world's CO 2 emissions.
Bioenergy with carbon capture and sequestration uses both bioenergy and CCS to produce energy and remove CO 2 from the atmosphere ( Figure 2B ). Instead of releasing CO 2 during energy production, as traditional bioenergy Figure 2 technologies do, CO 2 is instead captured and stored using CCS technologies. The result is electricity or fuels that remove, rather than release, CO 2 . BECCS is different from other CDR technologies in that it produces energy, instead of only removing CO 2 from the air. As a result, it could also replace power plants operating on fossil fuels, such as coal, oil, or natural gas.
Energy and climate scientists, like those at the IPCC, are just beginning to understand the role that BECCS can play in reducing climate change. Computer models used by the IPCC predict that BECCS and other CDR technologies will be very useful, but they are still missing several very important details [1] . For example, we would like to know how much biomass is available for energy production, and where it is located. This is important because it tells us how much energy we might be able to create. We also need to understand where we might store carbon dioxide underground. These locations for underground sequestration might not be in the same place as the biomass we need! Finally, we must understand the systems where BECCS might be used, like the electricity system that delivers electricity to our homes. Understanding and making sense of all of this information is a job for engineers, geologists, and other scientists across the world.
To get a better understanding of how BECCS might be used, we used computer models to explore using BECCS in the electricity system of Western North America, which includes parts of the United States, Canada, and Mexico [3] . This model collects important information about where biomass is located and possible locations for underground sequestration. The model also contains important details about how engineers can plan the electricity system in the future. All of the information in the model requires large supercomputers, which are computers with a very high level of computational capacity. These supercomputers can be 50 million times faster than your laptop! Using supercomputers can help us to understand BECCS better than we can use IPCC models.
The first step in understanding how BECCS might be used is to understand how much biomass is available, and where it is located. Biomass contains less energy than the same amount of fossil fuels, and is more spread out around the earth than the concentrated fuels from coal mines, or oil and gas fields. Western North America contains biomass from forests, agriculture, and the wastes we produce, like wood from when we build or tear down buildings. This supply of biomass is limited by its ability to grow back after being used, the steps we take to ensure that we do not degrade our land, water, or air, and the amount of available land to grow plants. Other scientists interested in energy from biomass have built models to estimate biomass availability. We use these existing estimates to create a biomass "supply curve" (Figure 3 ). This supply curve shows the price and quantity of available biomass. The amount of biomass available for energy production using BECCS could fill about 10% of the electricity demand of Western North America in 2050.
Using the data that we can get from our models, we explore the possibility of using BECCS to reduce climate change caused by the electricity system. At the same time, we look at other technologies, such as coal with CCS, and renewable energy technologies (meaning sources that do not "run out," such as wind and solar). We find that BECCS, combined with a large amount of renewable energy from wind and solar power, and far less fossil fuel CO 2 emissions, could create an electricity system in Western North America by 2050 that takes more carbon dioxide out of the air than it puts in. These carbon dioxide removing power systems of the future would rely on renewable resources, including biomass, for as much as 88% of the electricity produced in 2050 (Figure 4) . The largest amount of electricity generation would come from wind energy. The remaining electricity would be provided by fossil fuel power plants, especially those using natural gas and CCS.
What is more, since BECCS removes CO 2 from the atmosphere, it might allow some CO 2 emissions from fossil fuels to continue in the future. Since reducing emissions from our cars or factories can be expensive, BECCS may reduce the cost of slowing climate change. However, the amount of CDR is limited by how much biomass is available. A supply curve for biomass. This figure shows the quantity of biomass available, and its cost. We classify biomass as wastes (what we throw away), residues (wastes left on our farms or in our forests), or dedicated feedstocks (plants that we grow explicitly for bioenergy). Adapted from Sanchez et al. [3] . Figure 4 A. Electricity produced (average generation in GW, an amount of energy over 1 year), and B. CO 2 emissions (MtCO 2 / year, an amount of CO 2 emitted every year) in 2050 for an electricity system in Western North America with negative emissions. BECCS allows this system to achieve negative emissions. Despite the promise of BECCS, there are still several risks and uncertainties that scientists need to understand in the future. One key issue is the sustainability of biomass needed for BECCS. Efforts to grow more plants or increase biomass availability can impact our environment in negative ways. Planting more plants can increase demand for water, land, and fertilizer. For example, getting enough plants to meet our supply estimate could require a piece of land the size of the state of West Virginia! Another risk is that underground storage of CO 2 may not last forever. Carbon dioxide sequestered from CCS could leak into the atmosphere, causing climate change.
